INTRODUCTION
Psoriatic arthritis (PsA) is a chronic and progressive form of inflammatory arthritis associated with psoriasis [1, 2] . The overall prevalence of PsA in the general population is approximately 133 per 100,000 people [3] , although estimates have varied depending on location and disease definitions, and it affects men and women approximately equally [4, 5] . Symptoms of PsA include inflammation, pain, and stiffness in the joints, and may result in significant, permanent joint damage, disability, reduced quality of life, or increased work-related issues [2, 6, 7] .
Multiple options are available for the treatment of active PsA, including nonsteroidal antiinflammatory drugs (NSAIDs), conventional synthetic disease-modifying anti-rheumatic drugs (DMARDs), and biologic therapies such as tumor necrosis factor-a inhibitors (TNFi; e.g., adalimumab, certolizumab pegol, etanercept, golimumab, and infliximab) [8, 9] . Recently, additional new therapies for PsA have been introduced to the market, including an oral phosphodiesterase 4 inhibitor (i.e., apremilast) [10] and targeted immunomodulators that interact with pathways other than TNF-a (e.g., abatacept, ixekizumab, secukinumab, ustekinumab, and tofacitinib) [11] [12] [13] [14] . The overall goals of treatment are to control inflammation, reduce pain and discomfort, and prevent joint degeneration and disability [15] .
In November 2017, the American College of Rheumatology (ACR) and National Psoriasis Foundation (NPF) issued draft guidelines for the treatment of active PsA that support the preferred use of TNFi among treatment-naïve patients [16] . Additionally, these guidelines favor the sequential use of a second TNFi over other biologic options in patients with an inadequate response to their initial TNFi. These draft recommendations are noted to be conditional based on a low threshold of evidence. Reddy et al. performed a systematic literature review on the real-world effectiveness of subsequent TNFi in refractory PsA and reported 18 eligible studies, with a general trend of decreasing effectiveness in later lines [9] . This finding is also confirmed in a 2017 literature review by Costa et al. [17] ; however, the number of included studies was also low. To date, there have been no studies assessing the economic impact of switching from an initial TNFi to an alternative TNFi or non-TNFi biologic in PsA.
To address this gap in the literature, the present analysis aimed to compare the all-cause and PsA-related healthcare resource utilization (HRU) and expenditures of patients with PsA who discontinued their initial TNFi and switched to another TNFi or a non-TNFi biologic using a large United States (US)-based claims database. In addition, this study compared the time to discontinuation of second treatment among patients with PsA who discontinued the initial TNFi and switched to another TNFi vs. a non-TNFi biologic.
METHODS

Data Source
The data for this analysis were derived from the Symphony Health Solutions database (Q1 2010-Q2 2017), an insurance claims database that covers a range of payment types (e.g., cash, Medicaid, Medicare, and commercial insurance payments) and is representative of the demographics of the US in terms of age and sex distribution. This database links healthcare data for about 274 million people of the US population from three basic sources: pharmacy pointof-service sales, switch/network (clearing house) transactions, and additional direct prescriptions, medical, and hospital claims data feeds [18] . The database reflects pharmacy claims in all stages of processing, submitted medical claims, and includes physician National Provider Identifier numbers for the prescribing physician. Expenditure information for each pharmacy claim was estimated through linking the appropriate identification code in the claim to external source on medical charges (e.g., average wholesale price [AWP] [19, 20] ).
All data collected from the database are deidentified in compliance with the patient confidentiality requirement of the Health Insurance Portability and Accountability Act (HIPAA) and the Helsinki Declaration. Thus, no institutional board review was required.
Study Population
Inclusion Criteria Sample selection criteria are described in Fig. 1 . Patients with PsA who switched from an initial TNFi (adalimumab, etanercept, infliximab, golimumab, or certolizumab pegol) to a second TNFi or non-TNFi were included in the analysis. Eligible second TNFi therapies included adalimumab, etanercept, infliximab, golimumab, or certolizumab pegol, while non-TNFi biologics included ustekinumab or secukinumab. The date of the first prescription fill for this second agent (after January 1, 2012) was the index date. The biologic prescribed on this date was the index drug. Specifically, patients were included in the analysis if they: (1) were aged C 18 years as of the index date (defined below), (2) had continuous claims data activity (defined as C 1 pharmacy claim or C 1 medical claim every 3 months in the prescription drug database or medical database) during the 12-month period prior to the index date (baseline period) and during the 12-month period following the index date (study period), and (3) had C 2 diagnoses of PsA identified using International Statistical Classification of Diseases (ICD), 9th/ 10th edition (ICD-9 and ICD-10) codes 696.0 and L40.5, respectively, on distinct days. In addition, patients were required to have C 2 prescription fills for a TNFi on or after the first observed diagnosis of PsA with a continuous treatment course of at least 28 days. The first TNFi that met this criterion was defined as the initial TNFi. The first prescription of the initial TNFi was required to occur after the US Food and Drug Administration (FDA) approval date for treating PsA with the specific agent. Eligible patients also had C 2 prescription fills for a biologic different from the initial TNFi within 30 days before to 60 days after the discontinuation date of initial TNFi treatment, and after the FDA approval date for the specific agent. Eligible patients were divided into two cohorts: patients switching to a non-TNFi and those switching to another TNFi.
Exclusion Criteria
Patients were excluded from the analysis if they had: (1) any prescription for any targeted treatment (i.e., TNFi, non-TNFi, or apremilast) indicated for PsA before the first claim of the initial TNFi; (2) any use of the index drug before the index date; (3) more than one switched-to drug on the index date; or (4) any diagnoses of rheumatoid arthritis, ankylosing spondylitis, Crohn's disease, ulcerative colitis, or non-infectious uveitis before the index date.
Study Outcomes
Demographics (i.e., age, sex, year of the index date) were measured as of the index date, and Charlson Comorbidity Index (CCI) [21] , PsArelated treatment history, HRU, and medical service expenditures were measured during the baseline period.
All-cause and PsA-related HRU (defined as claims for medical services associated with a diagnosis for PsA) were measured during the study period. The number of inpatient admissions (including total length of stay), outpatient visits (dermatologist, rheumatologist, and other outpatient visits), emergency room (ER) visits, and other visits (including lab tests, home health, etc.) were recorded. In addition, mean all-cause healthcare expenditures were measured during the study period (in 2017 USD) and included prescription drug expenditures (e.g., those associated with and not associated with the index drug) and medical services expenditure.
Time to discontinuation, defined as a gap of C 60 consecutive days with no medication supply (i.e., no fills of the index drug in the 60 days following the last day of supply of the index drug), was also measured. Patients were followed until treatment discontinuation or end of claims data activity (defined as the date of the last medical or drug claim in the database 
Data Analysis
Patient characteristics, comorbidities, all-cause HRU, and expenditures during the baseline period were summarized using descriptive statistics. Categorical baseline characteristics were compared using Chi-squared tests, and continuous baseline characteristics were compared using Wilcoxon rank-sum tests.
For HRU during the study period, unadjusted and adjusted incidence rate ratios (IRR) with 95% confidence intervals (CI) for all-cause and PsA-related HRU rates, including inpatient admissions and outpatient, ER, and other visits, were estimated using negative binomial regression models. For binary HRU variables, odds ratios (OR) were estimated using logistic regression models.
Unadjusted all-cause and PsA-related healthcare expenditures, including medical and pharmacy expenditures, were compared using Wilcoxon rank-sum tests. Adjusted expenditures were estimated using a generalized linear model with Tweedie distribution.
Kaplan-Meier analysis was used to describe time to discontinuation between patients who switched to another TNFi and patients who switched to a non-TNFi biologic, and adjusted hazard ratios (HR) were estimated using Cox proportional hazards models. Covariates in the adjusted models included age, sex, year of index date, CCI, non-biologic DMARDs, systemic corticosteroids and pain medication received during baseline period, initial TNFi agent, number of all-cause inpatient admissions during baseline period, and number of all-cause ER visits during the baseline period.
All statistical analyses were conducted in SAS (version 9.4), and statistical significance was set at p \ 0.05.
RESULTS
Of 2591 eligible patients with PsA who discontinued their initial TNFi, 2107 switched to a different TNFi and 253 switched to a non-TNFi biologic ( Fig. 1) HRU health resource utilization, SD standard deviation, TNFi tumor necrosis factor inhibitor, USD United States dollars In the Kaplan-Meier analysis of time to discontinuation, patients who switched to another TNFi continued on therapy significantly longer compared with those who switched to a non-TNF biologic (median time to discontinuation: 8.31 vs. 5.68 months, respectively; log-rank p \ 0.01) (Fig. 4) 
DISCUSSION
This real-world US administrative claims database analysis compared the HRU, expenditures, and time to discontinuation among TNFi-experienced patients with PsA who switched to different subsequent biologic therapies for any reason. The results indicated that patients with PsA who switched to another TNFi after discontinuation of the initial TNFi incurred lower total healthcare expenditures, mainly driven by lower prescription drug expenditures, compared with patients who switched to a non-TNFi biologic. During the study period, patients switching to another TNFi also had significantly more all-cause and PsA-related outpatient visits to rheumatologists compared with those switching to a non-TNFi biologic. Conversely, patients switching to a non-TNFi biologic had significantly more all-cause and numerically more PsA-related visits to a dermatologist than those who switched to another TNFi. The difference in the number of physician visits between the two patient groups could potentially reflect a preference for using a second TNFi among rheumatologists vs. dermatologists, although this is to be further investigated. The total medical service expenditures were comparable between cohorts, although the TNFi cohort had significantly lower all-cause hospitalization expenditures than the non-TNFi cohort. These findings suggest potential economic benefits for TNFi-experienced patients In addition, the current study showed that patients who switched to another TNFi had longer treatment duration than patients who switched to a non-TNFi biologic. Previous research has reported good long-term persistence among patients with PsA receiving a TNFi for both the first and subsequent treatment [22] . Patients may discontinue TNFi or non-TNFi biologics due to various medical and non-medical reasons, including lack of efficacy and intolerable adverse events [23] . However, it is challenging to identify the reason of discontinuation for each patient in the current study due to the limitations of administrative claims data. Future studies using data sources with more clinical information (e.g., through a medical chart review) are warranted to better describe the reasons for the higher discontinuation rates associated with non-TNFi biologics compared with those associated with TNFis for the treatment of PsA.
To date, traditional PsA treatments (e.g., NSAIDs and conventional synthetic DMARDs) have not demonstrated the ability to slow the radiographic progression of joint disease, but anti-TNF agents have shown to be effective in this regard [11] . Radiographically evidenced protection of joint structure has become a goal of treatment and anti-TNFi agents are listed as the preferred PsA treatments among treatmentnaïve patients in the draft guidelines by the ACR and NPF [16] . Many therapeutic agents are currently available for PsA, and the current guidelines for the order of drug use in cases of inefficacy or toxicity of the first-line TNFi are not consistent. Recent clinical guidelines for PsA include recommendations published in 2016 by the European League Against Rheumatism (EULAR) and the Group for Research and Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA) [24] . EULAR proposed a sequential treatment scheme in the case of adverse prognostic factors, suggesting that the initial TNFi be followed by non-TNFi agents after each respective treatment option is contraindicated. In contrast, the GRAPPA guidelines recommend the two treatment options (second TNFi and non-TNFi) alongside, allowing the physicians to choose the therapy depending on prognostic factors, comorbidities, availability of therapy, and patient preference [24] . In the latest draft guidelines by the ACR and NPF, sequential use of a second TNFi was recommended over other biologic options in patients with an inadequate response to the initial TNFi. However, these draft recommendations are noted to be conditional based on a low threshold of evidence [16] , and thus further real-world studies are needed.
Several observational studies have been conducted to evaluate response for the initial and second-line TNFi for patients with PsA [25, 26] . In an observational study using data from five Norwegian centers, patients who started their initial TNFi and switched to a second TNFi had a lower response rate compared Fig. 4 Kaplan-Meier analysis of time to discontinuation of the index drug. TNFi tumor necrosis factor inhibitor. *log-rank p \ 0.05 with the response rate to the initial TNFi, both among themselves as well as the non-switchers [25] . On the other hand, a survey study in England reported that the majority of patients showed adequate response to a second-or thirdline biologic, and recommended guidelines to allow more therapeutic alternatives for the refractory cases [26] . However, to date, little real-world evidence has been published comparing the outcomes, including HRU and healthcare expenditures, between patients with PsA who switched to another TNFi vs. non-TNFi after the failure of the initial TNFi treatment. Thus, the current study provides the first realworld evidence of these economic impacts in PsA, contributing valuable insight to inform clinician and payer decisions in treatment selection.
Limitations
This study is subject to several limitations. First, no patients who switched to abatacept were identified in this analysis, potentially due to its recent introduction to the market. Second, the analysis did not include newly approved nonTNFi biologic agents (e.g., ixekizumab or tofacitinib), which were approved by FDA after the data cutoff. Thus, future studies should be conducted to evaluate the economic impact of these agents in PsA. Third, the Symphony database contained no eligibility records. Thus, continuous claims data activity was used as a surrogate for continuous eligibility, and the patient sample included might be different from the patient population in the real-world practice. Fourth, the medical claims recorded in the database may be incomplete as the Symphony database is not a closed system. Therefore, the actual costs incurred during the study period may be underestimated. Fifth, the pharmacy expenditure data were linked to an external source (AWP), which could be viewed as a standardized charge reference, but does not reflect actual reimbursed amounts.
Furthermore, this study is also subject to limitations common to claims analyses. For example, the presence of a claim for prescription does not indicate that the medication was consumed or that it was taken as prescribed. In addition, the results may be confounded from unavailable covariates such as clinical disease activity and clinical phenotype of patients. In this study, we adjusted baseline disease activity by controlling for baseline non-biologic DMARD use, systemic corticosteroid use, pain medication use, and baseline HRU in regression models. Admittedly, there may be residual confounding due to unobserved risk factors. However, given that the TNFi arm showed higher disease activity at baseline (as indicated by more use of non-biologic DMARDs, systemic corticosteroids, and pain medications), but showed lower healthcare expenditure in the study period, this study provides a conservative estimate of the difference in economic burden between the two cohorts. Finally, the results of this study may not be generalizable to patients outside of those represented in the Symphony Health Solutions database.
CONCLUSIONS
Adult patients with PsA who switched to another TNFi after discontinuation of their initial TNFi incurred lower total all-cause and PsA-related healthcare expenditures than patients who switched to a non-TNFi biologic. The cost difference was driven primarily by savings in both prescription drug and hospitalization expenditures among those patients switching to a second TNFi; on the other hand, the outpatient cost was higher among patients who switched to another TNFi. Additionally, patients who switched to another TNFi persisted longer on the therapy than patients who switched to a non-TNF biologic. These findings suggest potential overall economic savings associated with of switching to a different TNFi compared with switching to a non-TNFi biologic among TNFi-experienced patients with PsA.
AbbVie. The sponsor was involved in all aspects of the study, drafting of the manuscript, and in the decision to submit the article for publication. All authors had full access to all of the data in this study and take complete responsibility for the integrity of the data and accuracy of the data analysis.
Medical Writing and Other Assistance. The authors would like to thank Shelley Batts, PhD from Analysis Group, Inc. for medical writing assistance and Wenxi Tang from Analysis Group, Inc. for analytical support. Financial support for these services was provided by AbbVie.
Authorship. All named authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this article, take responsibility for the integrity of the work as a whole, and have given their approval for this version to be published.
Disclosures. Yan Song is an employee of Analysis Group, Inc., which has received consulting fees from AbbVie. Keith A. Betts is an employee of Analysis Group, Inc., which has received consulting fees from AbbVie. Yichen Lu is an employee of Analysis Group, Inc., which has received consulting fees from AbbVie. Rakesh Singh is an employee of AbbVie and owns company stock. Jerry Clewell is an employee of AbbVie and owns company stock. Jenny Griffith is an employee of AbbVie and owns company stock.
Compliance with Ethics Guidelines. All data collected from the database are de-identified in compliance with the patient confidentiality requirement of the Health Insurance Portability and Accountability Act (HIPAA) and the Helsinki Declaration. Thus, no institutional board review was required.
Data Availability. The data that support the findings of this study are available from Symphony Health Solutions, Inc., but restrictions apply to the availability of these data, which were used under license for the current study, and so are not publicly available.
Open Access. This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/ by-nc/4.0/), which permits any noncommercial use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
